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SECTI ON 1

INTRODUCTION

This report presents tire resil ts of work, relating to thle DNA

in frared field program performed uind(er Contract MAt )l - 7 q-C:-f)l other

work , perfor'med under the( samex con tirac t, dealing with rcconimenda tions for

ipi-oi no ouir LW IR pred ict ion capa ilitv for a nuclear euiirormert, ,nws

reported separat ely inl Miss ion Researich Corporat ion reportMC--53

(Reference 1-1).

Sect ion 2 describes cailculations performed to (~let erine thle

s;pat i a di str ibut ion of the energy deposit ion rate produced i n tie( upper

a tmospbh ere by the in iect ion ot -3- ke\' electrvon beams inc idenit at vari ous

p~itch :MngleS to tile ea'rthl's ma'Zgntic field, mnd the resultant bigh~ltness

at S91.4 A from exc itat ion (if the N,, Fi rst N egat ive (0~-0 h and. Con tours

of' conistant bri irt ness , vi ew~ing normal to the eleoct ron beami, are obt ain ed

andl ar-e used in mak ing compar isons with the profiile of a video iimage rvcor-ded

from thle ground niea r Wh i te Sands , New Mexi co dnirig tilie PR(ii ievent

Sect ion 3 reports the prel inminary results of a comniiison made
0

between cal cul1at i ons of thle 3014 A br i gitness from a 3- KV, - -A electron

bran at ani alIt itutde of 13kml and reduced phot ograpiic data fromin l air nge

recorded by a calrier-a oil board tire iACTITrLSPECTRAi, rocket over Poker 1'I lat

AlI ask Ka. Thlt, sinifincan t (13ifferenices he tweeni t henry arid exper i men t a

di scussed.

Sect ion I i s an ov'erall summary- of tire, resnlt s air d cornelus i ons

ill thle previous two sectionis, arid presents recomnmenidat ionis tur wor-k to

help ci -nHifY tire, appmimerit anromralotus behrav ior of el1ect ron bcarrr' iii

[XIrIA experimleunts.
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SECTION 2

PRECEDE/EXCEDE CALCULATIONS

PRELIMINARY

The EXCEDE experiments, in which observations are made of the

optical/infrared (IR) and ionization effects of energy deposition in the

atmosphere by beams of kilovolt electrons, have been carried out by the

Air Force Geophysics Laboratory (AFGL) for DNA in the past few years. The

ionization levels and deposition rates achieved in these experiments approxi-

mately simulate those of a high-altitude nuclear detonation, albeit over a

much more confined volume of space. Calculation of the IZ emission from the

dosed regions proceeds in a manner analogous to that for a nuclear detonation,

the calculation in both cases starting from the spatial distribution of prompt

energy deposition. Comparison between the calculated and observed emissions

in these experiments should serve as an important aid in determining the

validity of our calculational techniques for a nuclear environment. The

purpose of the work reported in this section is twofold. First, to attempt

to verify the first step in such a calculation, namely, the prompt energy

deposition surrounding the electron gun.* Second, to provide energy deposi-

tion contours as an aid in planning future FXCDE-type experiments.

* A portion of this work was supported tindCer Subcon ract 78-1.1-, from IIt ih
State Ilnivcrsitv', under the auspice of Al ;L.
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The basis for the present work is described in Reference 2-1. In

that report, the theory of electron deposition in a magnetic field was

developed and a code for determining the spatial distribution of energy de-

posited about an electron gun in the atmosphere was subsequently constructed.

The theory, embodied in the code, is applicable when the electron mean free

path, X, is at least twice the Larmour radius, R Under these conditions,

the magnetic field provides the main symmetry and controls the radial dis-

persion of the deposition which is then independent of altitude. In the

opposite limit, X/RL<< 1, the magnetic field is unimportant, deposition

symmetry is about the beam axis, and the radial dispersion is altitude de-

pendent. An altitude plot of X/R for selected values of the initial

electron energy, is shown in Figure 2-1. From this figure we see that for a

3 keV beam (which is characteristic of the EXCEDE experiments) the code should

be applicable at altitudes above about 94 km.

In Reference 2-1, sample results are shown for a 3-keV electron

beam incident, initially, at various pitch angles, eo, to the earth's magnetic

field. Included are contour plots of the volume deposition rate in scaled

units (eV/gm) as functions of the radial distance (meters) from the central

guiding field line and distance (gm/cm 2) along the field line from the

electron gun nozzle. In the present work, we have gone beyond these calcu-

lations by (1) extending the spatial region over which the calculations are

performed by approximately a factor of 2 in both along-the-field and normal-

to-the-field directions, (2) performing the calculations for different

electron pitch angles, and (3) providing contours of brightness (column

deposition rate) normal to the earth's field.

The results of these calculations are presented below together with

a detailed comparison between a calculated and observed image from the PRECEDE

I1 event.

- -"7
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ENERGY DEPOSITION BY 3-KEV ELECTRON BEAM

The Cle:t ronl beall depo i t i on code ha - been runl to obt ain results

rel'it illo to thle -;pat iil d i ;t ribut Ion Of ([et",\v .1bout 3- ke\ beamls for- parametric

I III(, of thle inu it i a I elect rou pi it cl iiiJ I eIC keY quant it v calculated is

the volue7) depos ',it i0ou rdate C , 'dt ,from11 tsh Ch other useful quan11"t it iC s canl be

J Ct C run 111ed . inl Re terceIC 2- 1 , o 10J I zed xo lI nie deposit ion rate Cont our,, for

in11 3 I ke ekCICCt roll 'r present ed for pi)t ch angl Ies hetkeen 00 and 900

inc remlented I,% 13. Vo ciiciii. it mkll isvre repeaited for a larger deposit ion

voum lad augmenTLIt ed by' aidd it i oi,i I iiiii i on for pitch angles 650 , 800,

5? and 880 . I igiii-c- 2-2 _And 2-3 o 5 o results for - 0= 00 and 880,

e pe t i \ I\. In thiese i41 e the o dini , is thle distance (metoers)

in a nor 1o the in it i a Ig Ii fiCL ~Ijd11ne, tile Abs;ciSSa, -, is thle

di s t ice <" c - i aIlng the in it iil ,idinou f field l ine measured from thle

ill ex it . epsit ion ait neiCOt iV ye Ia 1 us for __ ;a i ses from electron

Cit ter Iit, . The conltouralue 31 are ' - in1 1 ui ts -,Of e\ gil -I but they a be
-3 -i1 18

cOnVerted t o uiit s 0 f eV Cm see bY 11u11t ip1 i Tng by 6. 25 10 12, where
Iithe cu rrenit in amperes an i s thle local dens itv in gil cmil h

d i s tanI ice,, paral lel to the field can be Converted to units, of cm by

I:i vu res-- 2 -4 th11rou gh 2 -14 sh oll cot oulrs o f conlst an t b)r ighltne s s

(column deposit ion rate) viewing4 normal to the field lines for a single

.3-kceV electron incident, initially, at selected pitch angles, 0 ,to thle
(0

earth's field. The ordinate, D), is the perpendicular di stance (meters) from

the initial guiding field line and thle abscissa, :, is again the distance

(gin Cm along thle field from11 thle gunl exit. To convert to real space,

d ivide Z by p, and to convert the contour values, in units of eV cm gini

to Units of eV cm sCC 1, multiply by 6.25 10 1.l. Thle contour values

can be converted to units of kilora leighs (kR) of 3914 A eissions ais fol lois
0 6 3

kR(3914 A') = 8.9 ' 10 1 (amps') p (gm in l cm x Contour V'alue

*This conversion assumes a fluorescence eff iciency for thle N, First
Negative emission at 3914 A of 4.5x 10.
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Figure 2-15 is a plot of the quantity G(R), where

G(R) H f - (Z,R)dZ (2-1)

is the column deposition rate, for a single electron, parallel to the magnetic

field as a function of distance, R (meters), from the initial guiding field
0

line. To convert to kilorayleighs (3914 A), multiply the ordinate by

8.9 X 106 I (amps).

Figures 2-16 and 2-17 show the column deposition rate normal to

(and through) the initial guiding field line as a function of distance,
-2

(gm cm , along the field. To convert to kilorayleighs (3914 A), multiply

the ordinate by 8.9x106 I(amps)p(gm cm-3

COMPARISON WITH PRECEDE II IMAGE

To check the reasonableness of the foregoing brightness contours,

we have attempted to compare our calculations with a video camera image

recorded during the PRECEDE II experiment that took place over the White

Sands Missile Range, New Mexico, on 13 December 1977. This experiment,

described in Reference 2-2, was an engineering test of a rocket-borne

electron accelerator module, providing a pulsed 3-kV, 7-A electron beam, and

of a newly designed liquid-N2 cooled infrared Michelson interferometer.

For orientation purposes, Figure 2-18 shows a plan view of the

White Sands Missile Range including the rocket trajectory and various ground

observation stations for the PRECEDE II event. The electron gun was operated

in a pulse mode with a 6 sec period, 4.3 sec on and 1.7 sec off, on ascent

between about 97 km and apogee at 102.34 km, and down to about 80 km on

descent. The luminosity produced, including prompt air fluorescence and air

afterglow emissions, was video recorded at the Stallion Optical Site

(Figure 2-18) with the aid of the Air Force's 14-inch and 31-inch diameter

23
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Figure 2-15. Column deposition rate, for a single electron, parallel to the
earth's field, for parametric values of the electron's initial
pitch angle.
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Figure 2-16. Column deposition rate, for a single electron, normal to the
earth's field, for parametric values of the electron's
initial pitch angle.
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Figure 2-17. Column deposition rate, for a single electron, normal to the
earth's field, for parametric values of the electron's
initial pitch angle.
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range map (from Reference 2-2).
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satellite tracking telescope systems (GFOI)SS facility). A pictorial sketch

of the viewing geometry involved and the energy deposition volume aligned

with earth's field, B, is shown in Figure 2-19. A time sequence of video

images (not shown in this report) for a single pulse period near rocket

apogee shows first, at .04 sec after gun turn-on, a clean image due only to

prompt fluorescence (Reference 2-3). By 0.6 sec the image is broader due

to the appearance of afterglow emission. This afterglow emission tends to

dominate and mask the prompt fluorescence-emitting deposition volume intil

gun shut-off at 4.3 sec.

The image that we have chosen to represent the luminous prompt

deposition volume is the one recorded .04 sec after beam turn-on when the
electron gun was just past apogee on descent at 102.3-km altitude. At this

time, according to AFGL calculations (Reference 2-3), the gun was firing

down the field (toward the earth) with the bealn axis at a pitch angle of

about 63' to the earth'-s field. However, the beam had a full cone angle of
30' and at .04 sec electrons with pitch angles from 480 to 800 are calculated

to have been present. Based on the AFGL results, we estimate the mean pitch

angle was about 65'

0

Some calculated characteristics of the 3914-A emission intensity

for a 7 amp, 3 keV electron beam at 102.3-km aIltitIide are shown in l igires

2-20 and 2-21. Figure 2-20 shows the 3914 A hrightniess, normal to the

magnetic field, as a function of distance* along the central (giiiding) field

line for electron pitch angles of 600, 650, and 800. The peak brightness in

these cases is 2.5, 1.8, and 2.4 MR, respectively. As seen, the intensity

drops rapidly with distance in either direction along the field from the

gun, falling by an order of magnitude 500 meters down the field.

* l)istances measured upward along the field from the gun are posit iye;

downward along the field are negative.
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Altitude = 102.3 km
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Figure 2-20. Calculated brightness at 3914 A nornal to magnetic field

as function of distance along central field line for three
electron pitch angles.
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Figure 2-21 shows the calculated off-axis brightness, at 3914 A

normal to the magnetic field, along a line through the electron gun, for

pitch angles of 650 and 80'. The intensity is seen to drop rapidly in a

direction away from the guiding field line, falling by an order of magnitude

in a radial distance of about 20 meters.

To compare the observed image with our calculations, it has been

necessary to correct it for the foreshortening effect, caused by the fact

that the angle between the line of sight from the observer's station and

the magnetic field was about 250 rather than 900 (see Figure 2-19), and to

thus reconstruct the image as it would appear when viewed normal to the

magnetic field. The middle profile in Figure 2-22 shows the results of our

reconstruction. It has a maximum diameter, normal to the magnetic field,

of about 70 meters, and down- and up-field dimensions of about 0.83 and

0.50 kin, respectively. To compare the image with our calculated brightness

contours, we have used Figures 2-4 to 2-14 to construct contours of constant

brightness, in real space units for an altitude of 102.3 kin, that have maxi-

mum radial diameters of 70 meters. Two of these contours are shown in

Figure 2-22. The top one, calculated for a pitch angle of 80%, corresponds
0

to a 3914-A brightness of 78 kR. The bottom one, calculated for a pitch

angle of 650, corresponds to a brightness of 56 kR.

The most favorable comparison with the observed image in Figure 2-22

occurs for a pitch angle of 65'. Here the ratio of down-field to up-field

lengths is about right. For smaller pitch angles, this ratio is too large,

relative to the observed image; for larger pitch angles, it is too small.

For example, for the 800 case shown in Figure 2-22, the down-field dimension

is more nearly equal to the up-field dimension than what is actually, observed.

It is gratifying that the most favorable comparison between theory

and experiment occurs when the pitch angle for the calculated image cor-

responds to the medn pitch angle for the ohserved image. Better agreement
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Figure 2-21. Calculated brightness at 3914 A normal to magnetic field
along line through electron gun.
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SECTION 3

EXCEDE :SPECTRAL CALCULATIONS

PRELIMINARY

The EXCEDE:SPECTRAL payload was launched from Poker Fl at, Alaska

oil October 19, 1979 carrying 4 electron gun modules each capable of deliverin.

an 8-A beam of 3 keV electrons. As described in Reference 3-1, the payload

contained an array of ultraviolet, visible, and cryogenic infrared spect rom-

eters, photometers, and both film and television cameras. In addition, a

number of remote sites were used to augment the measurement capability of

the experiment, with instruments that included ground-based film and tele-

vision cameras.

One on-board camera, with fast black-and-white film and a filtero

cutting off above 4600 A, measured principally emission in N., First Negative

air-fluorescence bands and, secondarily, some N' Second Positive bands. It

is reduced data from this camera that is of primary concern to us in this

section. Some consideration will also be given to preliminary optical data

from one of the ground-based cameras.

This experiment is the first of its nature to provide on board

photographic data suitable for determining radiance contours of prompt

emission, especially near 3914 A. It is, therefore, particularly useful

in checking the applicability of predictive codes that calculate the spatial

dependence of the energy deposition rate surrounding electron beams in space.

This section describes the results of a comparison between our code calcula-

lations and the reduced photographic data for one particular gun pulse,

corresponding to an altitude of 123 km on rocket ascent.
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Fi gir 3- 1 from11 Ret'renlCC 3- 1) shows thle re ]at i v' posit i ois , oil

tie rocket pay load, of the tour ci oct ron iguns and thet, came pa , a Ilong with a

p1111 x-iew of thei proiecti oi ot tile camera's field Of View and the regi on

iii to wIi lih C1 ec troirs from 1: XCT lW :SiUll CRAt gun ::) ima doepos it en orgy.

t'o it ions- Of Other i 1Stl runrelt- s are iniIcated 1w the let ters A* throughl F.

the0 01un1S Were' lSed r i th Onl anid off t lines nom1 inall I arnd 2 sec, respect i Xe I

the elctr~ons, emeeg lng from ec~lh g"un ill aI Cone0 of' semi ang 1 l aout 15'. 01n

rocket ascent, thle axes of the cones were approximately aligned with the

Ceartlh'5s 1magntic field With thle gun11s firinlg upl theC field. For the pul se

correspond imri to anl ait it ude of about 123 kill Oil ascent , khd lih wec shal h e

con side ring here, onl\ gu1n ' 4 was firing. The current was approximately 7 A.

CODE CALCULATIONS AND COMPARISONS WITH PHOTOMETRICS DATA

OUr' electroll depIosi t ioll code, descri Ired inl Reference 2-I1 , was

modi tied to ca lculate the energy depos it ionl ra;te' Srrroundiug a 3-Kk'

electron becam that eniergesc from the guln Ill al cone Of hial f anlluJe I-0 1' ithI

ax is alIiogried a longo the earth's field. Thle elct roriS areC :sstlme(d to ee~

tirl forrir Iv over. tire in it ia I p itcii - an ... rariget. froml 00 to IS0.

Fi gure 3C-2 shIows conItollrs, of, constant eiierov deposi t in ra te

-1
e'V gui for a silriglIe 3-kV el ectroi with ()0 p itch argl e . The ord inat e

s, tie rad i a I i s tan ce (il) from the cen1t)-rl gi id ir(ig field Ii rio, aIrd tire'

abscssais thle normal i Zed dIi stance (gin cm )along the field Ilie mncsrired

trom tile gun position. As de' rciied iii S5ect i onl 2 , thle conltourls can1 be

converted to on its of eV cm- sec1 tby mu It ip1. i rig ix 0. 25x 0 1(1 I ;11and

h fe dii s;t alice atI orig the tiec idIca Z1 ' JWCOliVertL'd to 0 11 is SOf cmT bY d i Vi di i1l hV

thle I oeCr derisity t.

liguirc -3-3 sdows COlrrespjorrd i rig COOi Iii S for the case wher t he

ii ti;lI electronl pitchi auglIe is smfearedl over aI cone, o'lafngle IS',

alIigried r i tli thre magnet ic f ielId. firspect ol oif F~i gures and2ilt - sholr's

thlein to be ore\ s imrnilIar , except ill thil egt' o lear t lie Lelect 1ongri rIher
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Figure 3-1. Plan view of the projection of the cameras' field of
view and the region into which electrons from EXCEDE:
SPECTRAL accelerator #4 deposit energy (as measured
by the cameras) (from Reference 3-1).
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Iigr -from1 l\'ef'renICe 3-)010ow thle rad'iaZce di stribut ion*

ill the imlage p1 an e of' tie. camel-ra i iife red bY Phot nIrIet ris f roml dens ;t orit er

aIria I 'is (it, tilie photog raphic (i ]m tor a framel correspond i ng to :110 a It itilde

(if 12.3 kmu. Linear di stanlces ilon-. thle ordinate and ihsci ssaj of YigUlre 3-1

a p ropo rt i of!: .1 t o d i S t:i lies onl t he ti imIl Ile",'It i e. Si st allice meajsuitred I31 oil

t 10he beam fl-rom the ,Unl (4) no: le C, an1d aIISO t he anrJlle1 to0 thle InnaN)iet i C f ie0 l

CCI I ire-V A I, are %l shwiA I Oig thIe orId i nat Le Distanjce mealsi red perpenl-

di cliii t to tfL he ,11 feir or this ~roj ect ion) is shown bV dashed I li nes '(liC

rIdAl i ;111 Cc' Coll t onis 1-,Are in itill tS 0t of ergS Cn sec -lster ~.Not ice t he s:ik'd I c

1 0o in t re I l t i ve illi in i riniri) ini the1 i lit enls i t v that occurs %henr thle au1 oe to
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p itch anle 11gure 3-0 is the correcsponding reunreseit"It ion tor ;I conl cal:

beam (if ha If auglIe IS', and is tile appropri ate one to co~rip)e lith t he

jihut og ra phii kc dat a shown in F i gn re -1 hs euI r bsdo na rr
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ft InOres-,celceC ef fi C i CIteX at 39 1-I A o f -1. 5 x 1() 1, Nl atnrospheCri C d ('1 it Vo

1.-I7 I gmem , and a eami Currenlt of' 7 .

hseradIia:nce vailues~are for the cut ire fi It er baind thait v\teld ('1(1 ill

aboutf 3611At 7001 A. They are as siinged to ('(ii:)] approxi ii : ch I

t imes thle radialnce v'alues duec to 391.1 A emi ss ion11i Aire erei -. 2
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Fiur 3-4 "I-ad rainedriuonpjetdothobar

camera when EXCEDE:SPECTRAL is at 123 km and the outboard
electron accelerator (#i4 in Figure 3-1) emits 7 amperes.
The original optical density distribution on the film has
been converted to scene brightness after correction for
vignetting and distortion by the camera's lens. Distance

measured along the beam from the accelerator port is
shown on tho lefthand scale, and the distance scale per-
pendicular to the beam for this projection is shown as
dashed lines (from Reference 3-1).
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Comnpar ison of Figures 3-4 and. 3-6 reveals a large di sc repiicv in

both thle maignitude and shape of thle contours of constant brightness,

especial ly in thle region within about 7 meteris of the ci oct ro gun. Pice

,add lc point , or relative minimum on axis at about 4.5 meter ('Sromi the Ign,

that is evident in the data of Figure 3-4, is enieymi.;n inl Figure 5-,

Rather, the calculations shlow a monoton ic decrease in brighitness as the

viewing angle to the magnet ic field increases from 10 to 9( 0' When thfe

s ight path is normalI to the magnetic field (on-axis viewingo point = 1.6'.7

met ers frIomI Oun P 1) , thle observed in-hand initensi ty (F igure 3- 1) i s about
-2 -1 -1 -2 -1 -1

15 ergs cm sec ster (or 10 ergs CID sec ster at 391 1 A) . The

calculated initensity (Figure 3-()), under the same viewingo Condi tions, is
-2 -1 -1about 0.07 ergs cm secI ster , which is 1412 times smaller than the

391 1 A data.

At larger di stances from the gun, the di screpanc c btweecn t he

dalta an1d thle ca1li at1005 i5 less but still s igni ificant. For example, the

di fference between tile cal cul ateod and observed prol ected rad iance (at 301-1 A)

for points at 6, II), and 25 meters, from the gunl are fact or,; of about 4,

0, and 10, respect ivel y, who reas. the bri ghtest po i nt cal1culIat ed (c orre sponil -

ing to a viewing angle to thle magntic fieold of 10, or- to a point 163 11

from tilo gun) is a fa'ctor Of o)ny 1.) leSS thlan thle brightest domoml-th-ti old

po int shown in the data.

The apparent rad ialI di men s ion of thle beam , i nfe rred from the data]

is alIso larger than that inferred from the calculat ionls. For1 examplec, at

a point 25 111 from the gun, Fi gure S-4 shows that thle 0. 1 'i n-banld' bright T1('5

cont our i s at a rad ialI distance of about . 5 m . Tbhis i s to be compm red

w ith a correspondingo rad ial1 di st ance of on ly about 2 in in ferred( from

Figure 3-6.

Fuirt her compar isons bet ween the photograph ic dat a and I he calicui-

l ations arc shown ini Figures; 3-7 aid S-8. Figure 3-7 shows thle brishtness
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Figure 3-7. EXCEDE:SPECTRAL radiance projected to the onboard camera
along the electron beam axis and also viewing perpendicular
to the axis; calculation and photographic data compared.
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projected to the image plane, and also normal to the beam axis, as functions

of distance from the accelerator. Both the "in-band" photographic data

(from Reference 3-1) and the calculated 3914 A values are shown. To di rect IN

complZare these curves, the calculated brightness should be multiplied by 1..

Consi stcnt with Figure 3-4, the photographic data show a rapid decre'a e in

intensity in the first .4 meters from the accelerator. However, bcyond

abotut 9 or I0 meters from the accelerator, the observed intensity\ normal

to the beam remains roughl constatit at a value of about I . 15 ergs cm
-1 -1sec ster In this region the behavior of the data and the theoretical

curves are quite similar, except in magiituide, with the calculated intensity

normal to the beam being about a factor of 10 less than the 11 I A data.

FigUre 3-8 shows the observed and calculated radiance projected

to the onboard camera transverse to the electron beam's axis at distances

of I in and t rn from the accelerator. Again, for a direct comparison of

these curves, the calculated values should be multiplied by a factor of 1.5.

When this is done, we find that the calculated brightness through the beam

axis is less than the photographic data by factors of about 8.5 and 8.0

at 4 m and 6i m, respectively, from the gun.

COMPARISON WITH PRELIMINARY TIC DATA

Ground-based photographic observations of the EXCEDE:SPECTRAL

event were made by tile Technology International Corporation (TIC). Some

preliminary results of their densitometric analysis for three pulse images

have heen made available to us (Reference 3-7). These preliminary results

give relative radiance values as a function of distance along the beam.

We have attempted to compare our calculated values of radiance

normal to the beam with the TIC data for the case of a pulse recorded when

the payload was at an altitude of 124 km on ascent. The results are shown
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in Ci gure3-9.ihehotoraph ic dat a have b eeni a rbI)it rar iI Iv normali i 7e-d to

the calIculated i nterSi tY ait N diistanlce Of, S kml allong the beamil from the

accelIet'at or. The or ig in1 in1 thre abhs ciss a scl I k is thelk positI i onl CI the'

elC It ro0n "Lirl

A* I though th pec11ak rel at i ve i lit enl t v in ot ii k ei 'o I thle phIot o-

o raphi c dlat a., i t is reasonab le t o -one hide from 1:i pnre'L -9 tha thel 111 nd

base d dat a s;upp~ort a con,;i derab l enhanlcemenlt otf th hl ,r i Ich1t nekss- in the1

Vie in i tV of' the "Lun, at Ileas t (11i1a I I k 0e 1 eonl iS ('1 en % ~t 1 1 ho (on 1-2'd

camera obse i-vat ions . I- i rle r coneC11 I on> Canl he oachd on : aftc r :Ibso Ili

raditance values have been ass i ned to tile TI it dat a

COMMENTS

It is obVious- 1tro011 the f 170'eIo illig oprsn tha~t heC thLeore't i cal l-

i tered deposit ion of' cite rg\ sri11eronirdip the( e lee tl-1 ronl beam dos 11ttap

l k, re piottopraipli ic data, at I eza t inl thek rep ionl h~it Ii iNa fk'% e1tl''s Of- I Ile

elIect ronl oui Whtere t Ilie observed i 111tens i t- i 111 rip to % 0 tork~ odr-o0f-r it IrdeJ

re it cer. '[here, i S, t hus , aI ver- bri p -h t rein nea.1r t he rVuii that1 t jlie I heo rv

based ol Si ileI harIlt ikL e e delis i tjort iii art amhi Icor atmo.- Is here , does, riot

p) red ject . As for the lrezu farit her fromr thev pint, it is di ffi ciI to tirira1veI

accurate lv its behavior by anal vs is Of the oruboaird p)hotograph ic data ( 1 iiure

3-1) because most I ifles of s ight from the camera transverse the close- ill

bright region which tends to mask emission from the more remote regions.

Thus, it seems to us that the field data presented in Figure 3-7, for

distances greater than~ abouit 10 meters fromn the accelerator. may Mverest imiate

the actual1 radi arce normal to the beari x is. I lot% ever, even i f t h1i s i s tie

case , i t i s tin]I i ketl t hat th lidIi st ort i on couI l a ccoun t fo r thfe fu I I fajc t or

o f 1(1 d j I f e ren ce bet weei t heo rV anrd e xjle r i rmenit .
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Figure 3-9. EXCEDE:SPECTRAL radiance (3914A) normal to beam axis at
124 km (ascent); calculation and photographic data
compared.
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1.w ter, upon wh i ch our code is based, and twhi cl is deseri bed

i n d t a i I ill Reference 2- 1, oiyes result-, t hat are ill good agreemenit it h

laboratory data by Grtin (ReferecelC 3-3) and Cohn and Cal edon ia (Reference

S-1) and with other codes, for example the Lockheed code (Refe-renlce 35

Therefore, to thle ext ent that the elect ron beam canl be I ruated as a col I ,ct imur

feel that our code results are essential IY correct .On thle other hand,

tire photographic data redulct ion is probably ailso essential Iv correct.

1'he reason for thle disc rcparrc i s not known for sure at thle
preCsenit t imei. Ihover , it may wecll owe its origin to tihe puss ihi Ii tv thalt

tile beam1 eIletros ne0ar thle gurarC not alct ing independeirt v nor depositing

their energy primnarilyv inl ami in air. Bernstein ,-t al . (Reference 36

riave found thIat for elect ronl beam e xpe rimrren ts conduct ed iln a 1,1a rge \2 ci aim

tank ernvironmrenrt [that s irnUl1at es tire pressure aird earth '- s ma gret ic field it

alt it udes bet ween about 110 and I50 kill) a beamt p1 asina di scha rge (1311)) occurr's

wheni the beam current exceeds a certalin crit ical value. .\fter onlset of the

BPI),* a large i ncrearse inl the 3914-A in tenlsityv is observed to occur, accor-

pan ied by a large radial expansi on of tire beam profile to thle poinit Idire

si ri Icpart i c I ti-a ictorY feat tres di sappeir . The COnld i tkI ions rei ird tor'

onset of thle BITl appear to he fulfilled inl the I.NCID1. exirerimerrts.
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SECTION 4

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Thi s report describes work performed to determine the adequac- of

an electron enercv-deposition code (%hich is based on single particle

dynamics and is consistent With the theory inherent in nocleAr-predict iV

codes) to account for the magnitude and spatial distribution of energy

deposition surrounding electron beams in space. For this purpose, com-

parisons were made between our code predictions and camera data relating

to the PRECEDE 1I and EXCEDE:SPECTPAT. experiments.

The PRFCF T1I in Valvsis involved a comparison h t ,een the sit:e

arid shape of a video camera ima,.,e of ;a pulse at an altitide of 102 kin,

recorded from the ground, and tle' CltlnI ated p rot' I ,. ka;1dil1C, c CClS nl-1 from

the field data are not ivailable for comparison. The L\C til.:SIY(7IRAI. kork

involved primari Iv a dta i led comparison bet acen the calc lIat ed and observed
0

radiance (391.1 A) distribution, in the i1age pianc of an on -1board Iblack and

white camera, for a beam pillse at an altitude of 123 ki. Sec onda ri 1Y, i t

involved a comparison with preliminary photographic data recorded from 1te

ground on a s imi lar pulse.

In sumary, the conclusions reached are as follows.

(1) The overall size and shape of tihe PRECFIh II image is reason-

ably consistent with the calculated si :e and shape baeid on contours of

constant hrightriess. This comparison ico'I \'ed the gross dimensions of the

pulse which are approximately 1.3 km llong-the-field and 70 meters across-

the-field. No high spatial-resolution or intensity comparisons can be made.
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(2 f Ior th llt:.\(,: ~:SPE(;iRAl. im[lage , th li fred i cited rad iance- (ii

t ri hut ioil i S in1 g0ross d i sI'euent I l i t hf thle reduced pho1tograpINIhi C dkit a 1fm

theWOi o-hO.ard camera , at Ileast forI thle reg ionl w it hin af: fc lie!l Cr'~ Of I hL

C Ie(Ct I-of gunll. Ini tIls regiun , the rod i aunce dot a arc ias nch Ia': 2 o rdk-l- -( of-

magnitude 1 arger t lion thle code pred i ct ioil. Tb i S Conic I n - i oi 111 I( p;irs I ( he

111M I i t aIt i cIV suppor01teCd be th preII- Ii Ill i na I-V groun1d -hoseod p1i10t orLi],11 i C dat a

a Itr hotoh aI f i r'm colic InsI- i Oiegar'lldi ng thi S, aInd a] so the be'aml bcha~l i k)'

tarther from the gunit, cannot be made unt i IabISOIute i uitenil - Js ar

aSSi ie to It hese data.

It aprsthat there is Ssometh il Ai Rinl to theL beam11 pla:smaK d is-

chiarge ( IT ~) 01)h1ei 01meii oce11irri Itg ini thle I.XCE DE: S P FCTRA!. ex peri merit that~j

~exsto great iv enhlance thec emi -siQr on rote Of 3)1 1- \ phIotons- andL toenIag

thle beam,1 ait least inl the ki ci nit x of' thle electronl gun . Althloughl the

pheniomenfon is nlot iwell unders?-tood, i t is hell eyed that ill al BPI) akdit i ona I

ioil i -,t loil is15 produtc ed thrun-)l( h a c a 'cado effIect orI d ischarg I I. s 1 h iC h thIIe

p1 IIM isma ciOct runs 0 are heted, puss i hi v by ccc ict iou ll e to (rierg ic- e'icnr

thev cain i on i :e the arnh i cut ietit raI I gas to ICVe Is greaC~t I V X L ecdin11 those

prIoduIcedl I)\ thle beamll i tse I t (Reference S-o)

The s ecoiudare elect roir energe spectrum, uinder BPW) cond it ions, -

I ikRd v to be 'erY d i fforont from that wit i cit ex i *t s for a norml beam~ll, o

Inude1L'r CO IId i t ion to] 011 i lugo N -ray N oi- beta-pa"rt i c Ie depos it i on in1 a ntbc Iea r

ene i roliinint [ he impll I i cat ionl is Htt Certa ili coiic I n' iois d r"MO) from71

specdiraI ohst- r',t i ons of spatial reg i oils Micro' a BIT~ is operat inrg ijiax not

h(e applicable to the linc lear caSe. FOr exmpleI)I, thle eXCitaNtion rate' Of

N, (~ I leading to CO, vi bra ltii iesceitce, may be (Ilii di ffereiit , rel at i xc
- 0-

o tile 30111-A emi ss ion rate, tiindc r BPlD coiidi tionIs than1 i t is Under "normal"'

Vvcii though BIlT coiid itions imae occur ilt a regionl ical IC le c'-i croir

gun, it is onI IV raUZiab ,1Ic' to suippose that at some di stance a ioii the beamnl

52



Silt I I I Of t I tar' tI' lllil the gLIII, the CurrenVit of eletCt con1s dcopIS to :1 ill)-

Cri I i CaI I x a Itiic I' here t lic BI l Cl') an lno I oii 'Ce h e 1Ma i III :li fled. l ('ICenf-t ('I- , I h

a s t kli a s fo r 1 himn i fig filltfire IK\CElE exper iment s ,itI i s v\O I.. i mIo rt ant to0

bc able t1 dC 1 ISt i1 i,11i sli bet iSo.OlJI theSe rel,1 i Oils.1

To hlp11 clri f the app I Ca ic;I i t Y of' preent and futufre l.\flIL~

datZ fo0 Vs nIS upra 1)i our incI ~ I car JI'I I fra r1 d I rd i t i V( ye C code C' 11:1 KC

thet tO 1 101% it Ic"'n ud I'_C 1IILI t i oils.

I ) it i I i :C a- i I abl Ida(t Za andlk /0o theory\ to 0Conl fi r1m thle 11Ycsenc C

t) the BIT [I llionicioi iii E~XC:li C xp(Ti mIi et s .For exnmp] Ic , tiol t Il e ;1% ' i I :Ii Ic

SjeCt ].'Il dta obtaIinfed in1 the IAC1)lI:I''l(I eXpcrimnt ,deterin fthelt

tenIS i tY rat i OS for1 Sk-I ct ted I i ties and bands ( intc Indlk i ing 39 V3m ind

comlpare theml with correspond in Ilra-'t is OSeaICsured (o cOf ptt COII Il for' t he :IUI'lra

S i i~ln i f i canlt dliffrne may'ICIC H] he judji e o i V0A phen)ICIomenCIon in1 t hek Ci I ct ron1

beaml.

SIf' BIT is confti rmled, tit i I i --( all re lcviiit data, togct 11er i~itil

aIpp I ib 1 c t h'otw\ as Iiccssar\, inl anI at tempt to del i nec t c t hose; spa:t i a

cc i on s where thle BiITl ind 'normial ' cundit ion s apply.

Il1 1) n P 1ann i f u Ig o tut A* l:(Tl ON1i011 experiment S , jincorpora',te maue

11ents; f roml a p lat form suff icicutl ' ccnioved froml thc ci c1((tI con ;ictclerit or to

IW'rMi I an ininbst riict ed vI j~ over- a conlsiderable IL' tn h Iit 111 he eletron

bealm. I11 add it i on to rea sonIs ada c III(' ci)I ses efrsuch aI sIi and - off

I1 t to cil, hie pos i b) It. pr cece of' aj BPD'i ii the kviec in it of' hle el ect conl

gunl akds fther~III iI mpet 1151t0 Of ii 5S n i remeICl

53



REFERENCES

1-1. Archer, Douglas H., Requirements for Improved Infrared Prediction
Capabiit:LWIR, MRC-R-583, Mission Research Corporation,
October 1980.

2-1. Tarr, P. W., ARCTIC Code Electron Deposition Theory With Applica-
tion to Project EXCEDE, HAES Report No. 10, DNA 3636T, MRC-R-173,
Mission Research Corporation, 18 June 1975.

2-2. O'Neil, Robert R. (ed.) PRECEDE II: Summarized Results of An
Artificial Auroral Experiment, HAES Report No. 77, AFGL-TR-78-OOC3,
Air Force Gephysics Laboratory, 16 March 1978.

3-1. O'Neil, Robert R. (ed.) EXCEDE SPECTRAL Preliminary Results,
AFGL-TM-41, Air Force Geo-p-hysics Laboratory 1980.

3-2. Kofsky, I. L., Photometrics, Inc., Private Communication,
October 1980.

3-3. Grin, A. E., Z. Naturforsch, 129, 89 (1957).

3-4. Cohn, A., and G. Caledonia, j. App. Phys. 41, 3767 (1970).

3-5. Walt, M., et al., "Penetration of Auroral Electrons into the
Atmosphere," in Physics of the Magnetosphere, ed. Carovillano,
McCloy and Radoski, Reidel Publishing Company 1968.

3-6. Bernstein, W., et al.,"Further Laboratory Measurements of the
Beam-Plasma Discharge' J. Geophys. Res. 84, 7271 (1979).

3-7. Boquist, W. P., Technology International Corporation, Private
Communication, June 1980.

54



DISTRIBUTION LIST

DEPARTMENT OF DEFENSE DEPARTMENT OF DEFENS ntinud)

Assistant Secretary of Defense National Security Agency

Comm, Cmd, Cont & Intell ATTN: B-3, F. Leonard
ATTN: Dir'of Intelligence Sys, J. Babcock ATTN: W-32, 0. Bartlett

ATTN: R-52, J. Skillman
Assistant to the Secretary of Defense
Atomic Energy Under Secretary of Def for Rsch & Engrg

ATTN: Executive Assistant ATTN: Strategic & Space Sys (OS)

Command & Control Technical Center WWMCCS System Engineering Org
ATTN: C-312, R. Mason ATTN: J. Hoff
ATTN: C-650, G. Jones

3 cy ATTN: C-650, W. Heidig DEPARTMENT OF THE ARMY

Defense Conmunications Agency Assistant Chief of Staff for Automation & Comm
ATTN: Code 1OiB Department of the Army
ATTN: Code 480 ATTN: DAAC-ZT, P. Kenny
ATTN: Code 810. J. Barna
ATTN: Code 205 Atmospheric Sciences Laboratory
ATTN: Code 480. F. Dieter U.S. Army Electronics R&D Command

ATTN: DELAS-EO, F. Niles
Defense Communications Engineer Center

ATTN: Code R123 BMD Advanced Technology Center
ATTN: Code R410, N. Jones Department of the Army

ATTN: ATC-T, M. Capps
Defense Intelligence Agency ATTN: ATC-O, W. Davies

ATTN: DB, A. Wise
ATTN: DB-4C, E. O'Farrell BMD Systems Command
ATTN: DC-7D• W. Wittig Department of the Army
ATTN: DT-5 2 cy ATTN: BMDSC-HW
ATTN: DT-IB
ATTN: HQ-TR. J. Stewart Deputy Chief of Staff for Ops & Plans

Department of the Army

Defense Nuclear Agency ATTN: DAMO-RQC
ATTN: NAFD
ATTN: NATD Electronics Tech & Devices Lab
ATTN: STNA U.S. Army Electronics R&D Command
ATTN: RAEE ATTN: DELET-ER, H. Bomke

3 cy ATTN: RAAE
4 cy ATTN: TITL Harry Diamond Laboratories

Department of the Army
Defense Technical Information Center ATTN: DELHD-N-P, F. Wimenitz
12 cy ATTN: DO ATTN: DELHD-I-TL, M. Weiner

ATTN: DELHD-N-RB, R. Williams
Field Command ATTN: DELHD-N-P
Defense Nuclear Agency

ATTN: FCPR U.S. Army Comm-Elec Engrg Instal Agency
ATTN: CCC-EMEO-PED, G. Lane

Field Command ATTN: CCC-CED-CCO, W. Neuendorf
Defense Nuclear Agency
Livermore Branch U.S. Army Communications Command

ATTN: FCPRL ATTN: CC-OPS-WR, H. Wilson
ATTN: CC-OPS-W

Interservice Nuclear Weapons School
ATTN: TTV U.S. Army Communications R&D Command

ATTN: DRDCO-COM-RY, W. Kesselman

Joint Chiefs of Staff
ATTN: C3S, Evaluation Office U.S. Army Foreign Science & Tech Ctr
ATTN: C35 ATTN: DRXST-SD

Joint Strat Tgt Planning Staff U.S. Army Materiel Dev & Readiness Cmd
ATTN: JLA ATTN: DRCLOC, J. Bender
ATTN: JLTW-2

55

i B .



DEPARTMENT OF THE ARMY (Continued) DtPARTMENTOFTFNAVYContinuedj

U.S. Army Missile Intelligence Agency Office of the Chief of Naval Operations
ATTN: J. Gamble ATTN: OP 65

ATTN: OP 981N
U.S. Army Nuclear & Chemical Agency ATTN: OP 941D

ATTN: Library
Strategic Systems Project Office

U.S. Army Satellite Comm Agency Department of the Navy
ATTN: Document Control ATTN: NSP-2722, F. Wimberly

ATTN: NSP-2141
U.S. Army TRADOC Sys Analysis Actvy ATTN: NSP-43

ATTN: ATAA-TDC
ATTN: ATAA-PL DEPARTMENT OF THEAIR FORCE
ATTN: ATAA-TCC, F. Payan, Jr

Aerospace Defense Command
DEPARTMENT OF THE NAVY Department of the Air Force

ATTN: DC, T. Long
Joint Cruise Missiles Project Ofc
Department of the Navy Air Force Geophysics Laboratory

ATTN: JCMG-707 ATTN: OPR, H. Gardiner
ATTN: OPR-I

Naval Air Development Center ATTN: LKB, K. Champion
ATTN: Code 6091, M. Setz ATTN: OPR, A. Stair

ATTN: S. Basu
Naval Air Systems Command ATTN: PHP

ATTN: PMA 271 ATTN: Pill, J. Buchau
ATTN: R. Thompson

Naval Electronic Systems Conand
ATTN: PME 106-13, T. Griffin Air Force Weapons Laboratory
ATTN: PME 117-2013, G. Burnhart Air Force Systems Commvand
ATTN: PME 117-211, B. Kruger ATTN: SUL
ATTN: Code 501A ATTN: NTYC
ATTN: PME 106-4, S. Kearney ATTN: NTN
ATTN: Code 3101, T. Hughes
ATTN: PME 117-20 Air Force Wright Aeronautical Lab

ATTN: W. Hunt
Naval Intelligence Support Ctr ATTN: A. Johnson

ATTN: NISC-5O
Air Logistics Command

Naval Ocean Systems Center Department of the Air Force
ATTN: Code 5322, M. Paulson ATTN: O0-ALC/MM, R. Blackburn
ATTN: Code 532, J. Bickel

3 cy ATTN: Code 5324, W. Moler Air University Library
3 cy ATTN: Code 5323, J. Ferguson Department of the Air Force

ATTN: AUL-LSE
Naval Research Laboratory

ATTN: Code 7500, B. Wald Air Weather Service, MAC
ATTN: Code 4700, T. Coffey Department of the Air Force
ATTN: Code 7550, J. Davis ATTN: DNXP, R. Babcock
ATTN: Code 4780, S. Ossakow
ATTN: Code 7950, J. Goodman Assistant Chief of Staff
ATTN: Code 4187 Intelligence

Department of the Air Force
Naval Space Surveillance System ATTN: INED

ATTN: J. Burton
Assistant Chief of Staff

Naval Surface Weapons Center Studies & Analyses
ATTN: Code F31 Department of the Air Force

ATTN: AF/SASC, C. Rightmeyer
Naval Telecommunications Command ATTN: AF/SASC, W. Keaus

ATTN: Code 341
Ballistic Missile Office

Office of Naval Re'earch Air Force Systems Command
ATTN: Code 420 ATTN: MNNXH, J. Allen
ATTN: Code 465
ATTN: Code 421

56



DEPARTMENT OF THE AIR FORCE AContinuedi OTHER GOVERNMENT AGENCIES (Conti nued)

Deputy Chief of Staff Department of Coninerce
Operations Plans and Readiness National Bureau of Standards
Department of the Air Force ATTN: Sec Ofc for R. Moore

ATTN: AFXOKT
ATTN: AFXOKCD Department of Coamerce
ATTN: AFXOKS National Oceanic & Atmospheric Admin
ATTN: AFXOXFD ATTN: R. Grubb

Deputy Chief of Staff Institute for Telecommunications Sciences
Research, Development, & Acq National Telecommunications & Info Admin
Department of the Air Force ATTN: A. Jean

ATTN: AFRDSP ATTN: L. Berry
ATTN: AFRDS ATTN: W. Utlaut
ATTN: AFRDSS

U.S. Coast Guard
Electronic Systems Division Department of Transportation
Department of the Air Force ATTN: G-DOE-3/TP54, B. Romine

DEPARTMENT_ O.F ENERGY
- CONTRACTORS

Electronic Systems Division
Department of the Air Force EG&G, Inc

ATTN: XRW, J. Deas Los Alamos Division
ATTN: J. Colvin

Electronic Systems Division ATTN: D. Wright
Department of the Air Force

ATTN: YSEA Lawrence Livermore National Lab
ATTN: YSM, J. Kobelski ATTN: L-31, R. Haner

ATTN: Technical Info Dept Library
Foreign Technology Division ATTN: L-389, R. Ott
Air Force Systems Command

ATTN: NIIS Library Los Alamos National Scientific Lab
ATTN: TQTD, B. Ballard ATTN: D. Simons

ATTN: E. Jones
Headquarters Space Division ATTN: D. Westervelt
Air Force Systems Conmmand ATTN: P. Keaton

ATTN: SKY, C. Kennedy ATTN: MS 670, J. Hopkins
ATTN: SKA, D. Bolin ATTN: R. Taschek

ATTN: MS 664, J. Zinn
Headquarters Space Division
Air Force Systems Conmand Sandia National Laboratories

ATTN: YZJ, W. Mercer Livermore Laboratory
ATTN: T. Cook

Headquarters Space Division ATTN: D. Murphey
Air Force Systems Coimand

ATTN: E. Butt Sandia National Lab
ATTN: Space Project Div

Rome Air Development Center ATTN: D. Dahlgren
Air Force Systems Comand ATTN- ORG 1250, W. Brown

ATTN: TSLD ATTN: ORG 4241, T. Wright
ATTN: OCS, V. Coyne ATTN: 3141

ATTN: D. Thornbrough
Rome Air Development Center
Air Force Systems Coemand DEPARTMENT Of DEFENSE CONTRACIOR.

ATTN: LEP

Aerospace Corp
Strategic Air Command ATTN: N, Stockwell
Department of the Air Force ATTN: V. Josephson

ATTN: XPFS ATTN: R. Slaughter
ATTN: DCXT ATTN: D. Olsen
ATTN: NRT ATTN: I. Garfunkel
ATTN: DCXR, T. Jorgensen ATTN: T. Salmi
ATTN: DCX ATTN: J. Straus

ATTN: S. Bower
OTHER GOVERNMENT AGENCIES Analytical Systems Engineering Corp
Central Intelligence Agency ATTN: Radio Sciences

ATTN: OSWR/NED

57



DEPARTMENT OF DEFENSE CONTRACTORS (Continuedj DEPARTMENT OF DEFENSE CONTRACTORS C(ontinuitdj

University of Alaska Horizons Technology, Inc

ATTN: N. Brown ATTN: R. Kruger

ATTN: T. Davis
ATTN: Technical Library HSS, Inc

ATTN: D. Hansen

Analytical Systems Engineering Corp
ATTN: Security IBM Corp

ATTN: F. Ricci

Barry Research Corporation
ATTN: J. McLaughlin University of Illinois

ATTN: Security Supervisor for K. Yeh

BDM Corp
ATTN: T. Neighbors Institute for Defense Analyses

ATTN: L. Jacobs ATTN: J. Bengston
ATTN: J. Aein

Berkeley Research Associates, Inc ATTN: E. Bauer

ATTN: J. Workman ATTN: H. Wolfhard

BETAC International Tel & Telegraph Corp

ATTN: J. Hirsch ATTN: G. Wetmore
ATTN: Technical Library

Boeing Co

ATTN: S. Tashird JAYCOR

ATTN: G. Hall ATTN: J. Sperling

ATTN: M/S 42-33, J. Kennedy
JAYCOR

Booz-Allen & Hamilton, Inc ATTN: J. Doncarlos

ATTN: B. Wilkinson
Johns Hopkins University

University cf California at San Diego ATTN: T. Potemra

ATTN: H. Booker ATTN: J. Phillips
ATTN: T. Evans

Charles Stark Draper Lab, Inc ATTN: J. Newland

ATTN: D. Cox ATTN: P. Komiske
ATTN: J. Gilmore

Kaman TEMPO

Communications Satellite Corp ATTN: W. McNamara

ATTN: 0. Fang ATTN: T. Stephens
ATTN: M. Stanton

COMSAT Labs ATTN: W. Knapp
ATTN: G. Hyde ATTN: DASIAC

ATTN: R. Taur
Linkabit Corp

Cornell University ATTN: I. Jacobs

ATTN: M. Kelly
ATTN: D. Farley, Jr Litton Systems, Inc

ATTN: R. Grasty

Electrospace Systems, Inc
ATTN: H. Logston Lockheed Missiles & Space Co, Inc

ATTN: R. Johnson

ESL, Inc ATTN: M. Walt

ATTN: J. Marshall ATTN: W. Imhof

General Electric Co Lockheed Missiles & Space Co, Inc

ATTN: M. Bortner ATTN: Dept 60-12

ATTN: A. Harcar ATTN: D. Churchill

General Electric Co M.I.T. Lincoln Lab

ATTN: C. Zierdt ATTN: D. Towle

ATTN: A. Steinmayer ATTN: L. Loughlin

General Electric Co Martin Marietta Corp

ATTN: F. Reibert ATTN: R. Heffner

General Electric Tech Services Co, Inc Meteor Communications Consultants

ATTN: G. Millman ATTN: R. Leader

General Research Corp
ATTN: J. Garbarino
ATTN: J. Ise, Jr

58

4-- - -. . - -



DEPARTMENT OF DEFENSE CONTRACTORS (Continued) DEPARTMENT OF DEFENSE CONTRACTORS_.Continued

McDonnell Douglas Corp Rockwell International Corp
ATTN: W. Olson ATTN: S. Quilici
ATTN: G. Mroz
ATTN: R. Halprin Santa Fe Corp
ATTN: J. Moule ATTN: D. Paolucci
ATTN: N. Harris Science Applications, 

Inc
Mission Research Corp ATTN: E. Straker

ATTN: R. Hendrick ATTN: D. Hamlin
ATTN: F. Fajen ATTN: L. Linson

ATTN: D. Sappenfield ATTN: C. Smith
ATTN: Tech Library
ATTN: R. Kilb Science Applications, Inc
ATTN: S. Gutsche ATTN: SZ

ATTN: R. Bogusch
4 cy ATTN: D. Archer Science Applications, Inc
5 cy ATTN: Document Control ATIN: J. Cockayne

Mitre Corp SRI International
ATTN: B. Adams ATTN: G. Smith
ATTN: A. Kymmel ATTN: W. Jaye
ATTN: G. Harding ATTN: D. Neilson
ATTN: C. Callahan ATTN: A. Burns

ATTN: G. Price

Mitre Corp ATTN: R. Tsunoda
ATTN: W. Foster ATTN: R. Livingston
ATTN: J. Wheeler ATTN: W. Chesnut
ATTN: M. Horrocks ATTN: J. Petrickes
ATTN: W. Hall AWTN: R. Leadabrand

ATTN: C. Rino
Pacific-Sierra Research Corp ATTN: M. Baron

ATTN: F. Thomas
ATTN: E. Field, Jr Sylvania Systems Group
ATTN: H. Brode ATTN: M. Cross

Pennsylvania State University Technology International Corp
ATTN: I,)nospheric Research Lab ATTN: W. Boquist

Photometrics, Inc Tri-Com, Inc
ATTN: I. Kofsky ATTN: D. Murray

Physical Dynamics, Inc TRW Defense & Space Sys Group
ATTN: E. Fremouw ATTN: R. Plebuch

ATTN: D. Dee

R & D Associates
ATTN: W. Katzas Utah State University
ATTN: F. Gilmore ATTN: K. Baker
ATTN: B. Gabbard ATTN: J. Dupnik
ATTN: M. Gantsweg ATTN: L. Jensen
ATTN: C. Greifinger
ATTN: W. Wright Visidyne, Inc
ATTN: R. Turco ATTN: 3. Carpenter
ATTN: H. Dry ATTN: C. Humphrey
ATTN: R. Lelevier
ATTN: P. Haas

R & D Associates
ATTN: L. Delaney
ATTN: B. Yoon

Rand Corp
ATTN: E. Bedrozian
ATTN: C. Crain

Riverside Research Institute
ATTN: V. Trapani

Rockwell International Corp
ATTN: R. Buckner

59




